Introduction
============

Patients with retinal detachment often require vitrectomies, and silicone oil is a commonly used intraocular filler ([@b1-etm-0-0-5269]). However, the long-term retention of silicone oil may interfere with intraocular energy metabolism and damage normal ocular tissues, leading to a variety of complications, including secondary glaucoma, corneal degeneration and silicone emulsion ([@b2-etm-0-0-5269]). Secondary glaucoma is a common disease with an incidence rate as high as 10--40% ([@b3-etm-0-0-5269]), and its mechanism of incidence and development are not yet fully understood. Currently, postoperative inflammation, leakage of silicone oil into the anterior chamber, silicone emulsion, and other factors are considered as primary candidates to be involved in the process ([@b4-etm-0-0-5269]). IL-17 is an inflammation mediator. It promotes the secretion of inflammatory cytokines, and IL-6 and TNF-α are both effector molecules of IL-17 ([@b5-etm-0-0-5269]). The presernt study thus investigated the roles of IL-17, IL-6 and TNF-α in secondary glaucoma after silicone oil tamponade.

Patients and methods
====================

### Inclusion and exclusion criteria

Inclusion criteria were as follows: i) retinal detachment patients who previously underwent vitrectomies combined with silicone oil tamponade currently undergoing silicone oil removal; ii) patients with unilateral eye lesions; iii) patients provided informed written consent; and iv) complete medical records for the patient were available. Exclusion criteria were as follows: i) patients with primary glaucoma, uveitis, and other autoimmune eye diseases prior to the silicone oil tamponade; ii) patients with high blood pressure, diabetes, systemic inflammation, or other systemic diseases; iii) patients with anterior chamber hyphema after silicone oil tamponade; iv) patients who had continuously used glucocorticoids for more than 2 weeks after the silicone oil tamponade; and v) patients who had systemic trauma.

### Diagnostic criteria for secondary glaucoma

Secondary glaucoma was diagnosed in patients who had post-tamponade intraocular pressures (IOP) ≥24 mmHg, which was also ≥10 mmHg than their preoperative IOP. In addition, this increase in IOP had persisted \>6 weeks.

### General patient information

Fifty-eight patients treated between January 2015 and June 2016 who satisfied the inclusion and exclusion criteria were included in this study. Patients were divided into observation and control groups depending on the presence of secondary glaucoma. The observation group consisted of 19 patients (11 males and 8 females) with postoperative secondary glaucoma aged between 41 to 69 years (mean age, 51.6±8.3 years). The time elapsed between silicon oil tamponade and silicon oil removal was between 3 to 36 months (average time, 10.8±7.1 months). These patients had elevated IOPs 2 days to 2.1 years after the surgery, with the maximal IOP values ranging from 32.1 to 51.4 mmHg (average, 40.6±9.3 mmHg. The control group consisted of 39 patients (24 males and 15 females) without secondary glaucoma aged between 40 to 73 years (mean age, 51.1±8.1 years). The time between the silicon oil tamponade and the removal of silicon oil was between 3 and 32 months (average, 11.5±7.1 months). Maximal IOP values in this group were between 10.7 and 20.2 mmHg (average, 15.3±.1 mmHg). Other than IOP, no significant differences were observed in any of the general information criteria between the two groups (P\>0.05). This study was approved by the Ethics Committee of the Fourth Affiliated Hospital of Nanchang University.

### Methods

Routine preoperative ultrasound biomicroscopy (UBM) and slit lamp examinations, as well as IOP measurements, were conducted prior to the removal of silicone oil. Before removal, aqueous humor samples were collected, placed in vials and stored at −80°C. Enzyme-linked immunosorbent assay (ELISA) was used to detect IL-17, IL-6 and TNF-α expression levels in aqueous humor samples. All ELISA kits were purchased from R&D Systems (Minneapolis, MN, USA). All operations strictly followed the manufacturers instructions. Optical density (OD) values at 450 nm were detected, and sample protein concentrations were determined using previously established protein concentration standard curves.

### Statistical analysis

The SPSS 19.0 software (IBM Corp., Armonk, NY, USA) was used for data processing. Measurement data were expressed as mean ± standard deviation. Comparisons between the groups were conducted using independent sample t-test. Correlation analysis was performed using Pearson correlation analysis. Count data were converted to proportions, and χ^2^ test or Fishers exact probability test were used for comparisons. Receiver operating characteristic (ROC) curves were used to determine the diagnostic abilities of IL-17, IL-6 and TNF-α for secondary glaucoma, as well as to calculate the sensitivity, specificity and other indicators. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparisons of the preoperative examination results of the two groups

UBM examinations revealed that 27 of the 58 patients (46.6%) had silicone particles in the anterior chamber, 9 (15.5%) patients had peripheral anterior synechiae and 4 (6.9%) patients had pupillary block. Slit lamp microscope examinations showed that 17 (29.3%) patients had silicone oil emulsion, 4 (6.9%) patients had artificial intraocular lens and 7 (12.1%) patients had aphakia. The incidence of these complications in the observation and control groups were not significantly different (P\>0.05; [Table I](#tI-etm-0-0-5269){ref-type="table"}).

### Comparison of inflammatory mediator levels in the aqueous humor

The observation group had higher levels of IL-17 (204.2±18.3), IL-6 (351.1±28.4), and TNF-α (850.0±51.7) than those in the control group (152.3±22.2, 254.4±26.8 and 625.6±61.2) respectively (P\<0.001; [Table II](#tII-etm-0-0-5269){ref-type="table"}).

### Correlation of IL-17 with IL-6 and TNF-α

IL-17 levels showed positive correlations with IL-6 (r=0.697; P\<0.001) and TNF-α (r=0.745, P\<0.001) levels ([Fig. 1](#f1-etm-0-0-5269){ref-type="fig"}).

### Diagnostic value of aqueous humoral IL-17, IL-6 and TNF-α levels for secondary glaucoma

ROC curves indicating the diagnostic values of aqueous humoral IL-17, IL-6 and TNF-α levels for secondary glaucoma are shown in [Fig. 2](#f2-etm-0-0-5269){ref-type="fig"}. The area under the curve for IL-17 for the prediction of glaucoma was 0.957 (β=0.023, P\<0.001, 95% CI, 0.913--1.000). The optimal cut-off value for the diagnosis of secondary glaucoma was 177.5 pg/ml with a sensitivity of 1.000 and a specificity of 0.881. The area under the curve for IL-6 for the prediction of glaucoma was 0.980 (β=0.016, P\<0.001, 95% CI, 0.949--1.000). The optimal cut-off value for the diagnosis of secondary glaucoma was 302.0 pg/ml with a sensitivity of 0.947 and a specificity of 0.974. The area under the curve for TNF-α for the prediction of glaucoma was 0.975 (β=0.021, P\<0.001, 95% CI, 0.933--1.000). The optimal cut-off value for the diagnosis of secondary glaucoma was 751.0 pg/ml with a sensitivity of 0.947 and a specificity of 0.974.

Discussion
==========

Vitreoretinal surgery is an important treatment method for retinal detachment, retinal vein occlusion and other diseases ([@b6-etm-0-0-5269],[@b7-etm-0-0-5269]). With the development of medical technology, its safety has been significantly improved, but incidences of injected silicone oil-related complications still exist. Teke *et al* ([@b8-etm-0-0-5269]) reported that 10--40% of patients suffered from secondary glaucoma after surgery. This may be because the biological functions of silicone oil could not completely replace those of the vitreous. Silicone oil filling can potentially impede nutrition exchange between inner vitreous cells and the vitreous. Also, it cuts off effective molecular stimuli to the inner cells. Together with feedback production of harmful substances, these adverse effects of silicon oil can cause glaucoma, as well as serious and permanent damage to the optic nerve cells ([@b9-etm-0-0-5269]--[@b11-etm-0-0-5269]). Previous studies have shown that glaucoma-related injuries were associated with ocular hypertension. However, recent studies have shown that serious optic nerve damage can also occur in glaucoma patients without ocular hypertension ([@b12-etm-0-0-5269],[@b13-etm-0-0-5269]), suggesting that it was difficult to predict secondary glaucoma by monitoring IOP alone, and that there were other biological mechanisms causing glaucomatous optic nerve damage. Secondary glaucoma caused by silicone oil tamponade typically showed inconsistences between clinical symptoms and IPO values. The majority of these patients showed no obvious symptoms. Only a small number of patients had mild swelling and blurred vision when the IOP was over 40 mmHg. However, physical examination still did not show conjunctival hyperemia and the pupils often lacked characteristic signs, making it difficult to predict glaucoma. By the time the patients first presented obvious symptoms, irreversible damage had often already occurred ([@b14-etm-0-0-5269]--[@b17-etm-0-0-5269]). This study showed that the observation group and the control group did not have significant differences regarding incidence of silicone particles in the anterior chamber, peripheral anterior synechiae, pupillary block, silicone oil emulsification, artificial intraocular lens, and aphakia, suggesting the development of other complications did not increase the risk of secondary glaucoma. This situation made the early identification and control of secondary glaucoma more difficult.

Inflammation is one of the mechanisms by which glaucoma causes damage to the optic nerve cells. Ohira *et al* ([@b18-etm-0-0-5269]) observed that concentrations of IL-6, IL-8 and TNF-α in the aqueous humor were 171.1, 214.5 and 3.5 pg/ml, respectively, in patients with uveitic glaucoma. These numbers were significantly higher than those found in people without glaucoma. Yi *et al* ([@b19-etm-0-0-5269]) found elevated levels of IL-6 and VEGF in the serum and aqueous humor of patients with neovascular glaucoma. In addition, they noted that ranibizumab could treat neovascular glaucoma by inhibiting the expression of IL-6 and VEGF. Based on these findings, we speculated that inflammation was also involved in the pathogenesis of secondary glaucoma after silicone oil tamponade. We examined the expression levels of IL-17 and its effector molecules IL-6 and TNF-α in aqueous humor samples. The results showed that patients with secondary glaucoma had IL-17 levels of 204.2±18.3 pg/ml, which was significantly higher than in those without secondary glaucoma (152.3±22.2 pg/ml), suggesting IL-17 might be involved in the development of secondary glaucoma after silicone oil tamponade IL-17 is an important inflammatory mediator involved in the pathogenesis of many diseases, and is the initial element in inflammatory responses ([@b20-etm-0-0-5269]). The increased IL-17 in the aqueous humor of patients with silicone oil tamponade could promote the aggregation of neutrophils and macrophages, which would lead to inflammation ([@b21-etm-0-0-5269]). Neutrophils and macrophages could worsen inflammation primarily by secreting IL-6, TNF-α and other factors ([@b22-etm-0-0-5269]). TNF-α is directly involved in induction of apoptosis and could destroy the function of the trabecular cells ([@b23-etm-0-0-5269]). IL-6 is a pleiotropic factor which can induce the expression of a variety of inflammatory mediators and the activation of lymphocytes and NK cells, thus, exacerbating inflammation ([@b24-etm-0-0-5269]). This study showed that the expression of IL-17 was positively correlated with that of IL-6 and TNF-α, confirming that IL-17 could induce IL-6 and TNF-α. Also, these results indicated that inflammation was involved in the optic nerve damage. Understanding the upstream regulatory mechanisms of glaucoma pathogenesis could aid the development of targeted treatment plans.

The direct detection of IL-17, IL-6 and TNF-α levels may also contribute to the ability to diagnose secondary glaucoma with high sensitivity and specificity, suggesting effective control of misdiagnosis and missed diagnosis. This finding was consistent with the conclusion of Qin *et al* ([@b25-etm-0-0-5269]). However, it is difficult to prove that abnormal increases in these indicators could help to predict early phase secondary glaucoma and guide targeted interventions. Follow-up studies are needed to answer these questions.

In conclusion, levels of the inflammatory mediators IL-17, IL-6 and TNF-α were increased in the aqueous humor of patients with silicone oil tamponade-induced secondary glaucoma, suggesting the involvement of inflammation in the pathogenesis of this type of glaucoma. Early monitoring of inflammatory reactions in patients might help to improve the effective control of secondary glaucoma.

![Correlation analysis of IL-17 levels with IL-6 and TNF-α levels. IL-17 levels in the aqueous humor was positively correlated to IL-6 and TNF-α levels.](etm-14-06-5833-g00){#f1-etm-0-0-5269}

![ROC curves showing the diagnostic value of aqueous humoral IL-17, IL-6 and TNF-α levels for secondary glaucoma. The large areas under the curve showed that aqueous humor levels of IL-17, IL-6 and TNF-α could be applied for the diagnosis of secondary glaucoma.](etm-14-06-5833-g01){#f2-etm-0-0-5269}

###### 

Preoperative examination result comparison \[n (%)\].

  Group (n)          Silicone particles in the anterior chamber   Peripheral anterior synechiae                      Pupillary block                                    Silicone oil emulsion   Artificial intraocular lens                        Aphakia
  ------------------ -------------------------------------------- -------------------------------------------------- -------------------------------------------------- ----------------------- -------------------------------------------------- --------------------------------------------------
  Observation (19)   10 (52.6)                                    4 (21.1)                                           2 (10.5)                                           6 (31.6)                2 (10.5)                                           3 (15.8)
  Control (39)       17 (43.6)                                    5 (12.8)                                           2 (5.1)                                            11 (28.2)               2 (5.1)                                            4 (10.3)
  χ^2^               0.135                                        --^[a](#tfn1-etm-0-0-5269){ref-type="table-fn"}^   --^[a](#tfn1-etm-0-0-5269){ref-type="table-fn"}^   0.002                   --^[a](#tfn1-etm-0-0-5269){ref-type="table-fn"}^   --^[a](#tfn1-etm-0-0-5269){ref-type="table-fn"}^
  P-value            0.713                                        0.456                                              0.591                                              0.966                   0.591                                              0.673

Exact probability test was used.

###### 

Comparison of inflammatory mediator levels in the aqueous humor (mean ± SD, pg/ml).

  Group (n)          IL-17        IL-6         TNF-α
  ------------------ ------------ ------------ ------------
  Observation (19)   204.2±18.3   351.1±28.4   850.0±51.7
  Control (39)       152.3±22.2   254.4±26.8   625.6±61.2
  t-value            8.805        12.651       13.750
  P-value            \<0.001      \<0.001      \<0.001
